Purpose To compare T2-weighted image (T2WI) and conventional Diffusion-weighted image (cDWI) of magnetic resonance imaging (MRI) for sensitivity of qualitative diagnosis and accuracy of tumor size (TS) measurement in endometrial cancer (EC). Meanwhile, the effect of the lesion size itself and tumor grade on the ability of T2WI and cDWI of TS assessment was explored. Ultimately, the reason of deviation on size evaluation was studied. Materials and methods 34 patients with EC were enrolled. They were all treated with radical hysterectomy and performed MR examinations before operation. Firstly, the sensitivity of T2WI alone and T2WI-DWI in qualitative diagnosis of EC were compared according to pathology. Secondly, TS on T2WI and cDWI described with longitudinal (LD) and horizontal diameter (HD) were compared to macroscopic surgical specimen (MSS) quantitatively in the entire lesions and the subgroup lesions which grouped by postoperative tumor size itself and tumor grade. Thirdly, the discrepancy of mean ADC values (ADC mean) and range ADC values (ADC range) between different zones of EC were explored. Results For qualitative diagnosis, the sensitivity of T2WI-DWI (97%) was higher than T2WI alone (85%) (p = 0.046).For TS estimation, no significant difference (PLD = 0.579; PHD = 0.261) was observed between T2WI (LDT2WI = 3.90 cm; HDT2WI = 2.88 cm) and MSS (LD = 4.00 cm; HD = 3.06 cm), whereas TS of cDWI (LDDWI = 3.01 cm; HDDWI = 2.54 cm) were smaller than MSS (PLD = 0.002; PHD = 0.002) in all lesions. In subgroup of tumor with G1 (grade 1) and small lesion (defined as maximum diameter < 3 cm), both T2WI and cDWI were not significantly different from MSS; In subgroup of tumor with G2 + 3 (grade 2 and grade 3) and big lesion (maximum diameter ≥ 3 cm), T2WI matched well with MSS still, but DWI lost accuracy significantly. The result of ADC values between different zones of tumor showed ADC mean of EC rose from central zone to peripheral zone of tumor gradually and ADC range widened gradually. Conclusion cDWI can detect EC very sensitively. The TS on cDWI was smaller than the fact for the ECs with G2/3 and big size. The TS of T2WI was in accordance with the actual size for all ECs. The heterogeneity may be responsible for the inaccuracy of cDWI.
Introduction
Endometrial Cancer (EC) is the most common invasive gynecologic malignancy of female genital tract in industrialized countries and slightly secondary to cervical cancer in developing countries [1] . The personalized therapeutic regimen and prognosis for EC are depended on various risk factors: the International Federation of Obstetrics and Gynecology (FIGO) stage, histopathology, grade, and tumor size. A comprehensive and accurate evaluation of the above risks is essential. Magnetic Resonance Imaging (MRI) is a routine preoperative examination for assessing the risks of EC, more important, the diffusion-weighted sequences (DWI) of MRI has been paid more and more attention currently. The excellent capacity of DWI for assessing the above-mentioned risks of EC, such as FIGO stage and histopathology, has been widely studied [2, 3] . However, it remains unknown whether DWI can also evaluate the TS precisely or not, which plays an important role among the risks being related with regional and distant metastatic diseases [4] [5] [6] [7] .
In the present study, we aimed to (a) determine the reliable sequence of MRI reflecting the tumor size of EC through comparing the accuracy of T2WI and cDWI using macroscopic pathological specimens as the gold standard, (b) explore whether the tumor size itself and tumor grade affect the ability of T2WI and cDWI on size measurement or not, and (c) find the reason for reducing the accuracy of cDWI on size estimation: the effect of tumor heterogeneity.
Materials and methods
This prospective research was approved by the Institutional Review Board and the informed consent from each patient was required.
Patient selection
Thirty-four consecutive patients with endometrial cancer were enrolled in the present study from March 2016 to November 2017. All clinical, histological, and MRI data from patients were collected and stored in a computerized database. Inclusion criteria were as follows: Radical hysterectomy was performed; MR examination was performed prior to radical hysterectomy within 1 week; carried pathological diagnosis of EC postoperatively; Exclusion criteria: MRI scan was done during more than 1 week before hysterectomy; other cancer-related treatments were performed between MRI scanning and hysterectomy such as radiation, chemotherapy, and hormonotherapy; and postoperative pathology was non-EC, including endometrial hyperplasia accompanied with canceration, endometrial polyp accompanied with canceration. The tumor grade and tumor size of all participants were recorded in Pathology Institute and summarized in Table 1 .
Imaging acquisition
Prior to radical hysterectomy, the MRI was performed by Achieva 3.0T Philips MRI machine. All participants were scanned in the prone position with a sixteen-channel SENSE-XL-Torsoa coil. The following parameters were applied: ① axial spin echoT1-weighted images [ 
Image analysis
To avoid bias, the MR images of 34 consecutive patients were assessed by two abdominal experienced radiologists in consensus who were only aware of the clinical symptom without other information (reader 1: 10 years of experience, reader 2: 15 years of experience). Firstly, qualitative diagnoses were determined from T2WI alone and T2WI combined with DWI (T2WI-DWI), respectively. Secondly when EC was confirmed, the TS was measured on T2WI and cDWI respectively. TS were delineated by two dimensions:longitudinal diameter (LD) and horizontal diameter (HD). LD was the largest diameter of lesion from uterus fundus to cervical direction and obtained on sagittal view, HD was the largest diameter from right uterine wall to left uterine wall direction and obtained on oblique axial. The maximum LD and HD on preoperative T2WI and DWI were noted as LDT2WI, HDT2WI, LDDWI, HDDWI ( Fig. 1 ).
ADC values measurement
We measured ADC values of tumors which were larger than 3 cm as the label of microscopic pathological characteristics of tumor to explore the heterogeneity between different zones of EC. Three different tumor zones were defined in the present study and named peripheral zone, Because the TS measured on T2WI was consistent with MSS, the contour line was determined on T2WI firstly. b The contour line was copied onto oblique aix ADC map, then reduce the contour line by 5 mm and 10 mm, so three closed rings and three zones of tumor were got transitional zone, and central zone, respectively. The three different zones were obtained as following: the outmost contour of tumor was manually drawn on oblique axial T2WI primarily, which showed the largest part of tumor. Then the outmost contour was copied to ADC map. Peripheral zone was the band-like area inside ≤ 5 mm apart from the contour line: 0 to − 5 mm; Transitional zone as the area inside > 5 mm and < 10 mm apart from the contour line:− 5 mm to − 10 mm; Central zone as the area inside ≥ 10 mm: − ∞ to − 10 mm (Fig. 2) . In order to obtain ADC values, two circular regions of interest (ROI) (size: 10 mm 2 ) were randomly placed on each zone respectively. Mean ADC values (ADC mean) of each zone were the mean value of two ROIs, range of ADC values (ADC range) were the deviation between maximum and minimum ADC values of two ROIs.
Macroscopic surgical specimen (MSS) assessment
All patients received radical hysterectomy within 7 days after MR examination; the fresh surgical specimens were collected in the operating room and were anatomized from the anterior uterine wall. On postoperative gross specimens, the LD and HD diameters were obtained with a vernier caliper under assist of pathologists and gynecologists, noted as LD MSS, HDMSS ( Fig. 1 ).
Statistical analysis
To determine the effect of tumor grade on size assessment of T2WI and cDWI, we divided patients into G1-group (≤ 5% solid epithelial component) and G2 + 3-group (> 5% solid epithelial component or < 5% solid growth with marked nuclear atypia); To determine the effect of tumor size itself on size assessment, we divided 34 patients into small-lesion group (maximum diameter of lesion on surgical specimen < 3 cm) and big-lesion group (maximum diameter ≥ 3 cm). Cases in each group were as Table 1 .
Statistical analysis was performed using IBM SPSS Statistics 21.0. The discrepancy of diagnostic sensitivity between T2WI alone and T2WI-DWI was tested using the McNemar test. Scatter graph and Pearson correlation test were used to analyze the correlation of TS between T2WI and MSS, between cDWI and MSS. Wilcoxon test was applied to explore the difference between T2WI and MSS, between cDWI and MSS in all and subgroup lesions respectively. The discrepancy of ADC mean and ADC range among three different zones was examined by Kruskal-Wallis one-way test. A two-tailed p value < 0.05 was considered statistically significant.
Results

Diagnosis sensitivity of MRI: DWI versus T2WI
In the 34 ECs, T2WI alone missed 5 cases, the largest diameters were 0.7 cm, 0.9 cm, 0.9 cm, and 1.0 cm; T2WI-DWI missed 1 case. The sensitivity of T2WI-DWI (97%) was higher than that of T2WI alone (85%), p = 0.046. 
Tumor size assessment in all lesions: DWI versus T2WI versus MSS
Pearson correlation test shew T2WI correlated with a greater coefficient of r LD = 0.94 and rHD = 0.77 (p < 0.001) respectively, cDWI had a r = 0.74 (p < 0.001) for both LD and HD. Scatter graph was Figs. 3, 4, 5, 6. Wilcoxon test shew no significant difference was observed between T2WI and MSS (PLD = 0.82 and PHD = 0.88 respectively). However, diameter of cDWI was significantly smaller than MSS (PLD = 0.002 and PHD = 0.009) ( Table 2 ).
Tumor size assessment in subgroups: cDWI versus T2WI versus MSS
The impact of grade and tumor size itself on accuracy of cDWI and T2WI: for both LD and HD, there was no difference observed between cDWI measurement and MSS, T2WI and MSS in the G1-group and small-lesion group. However, in G2 + G3-group and big-lesion group, LD and HD of DWI were smaller than MSS and there was still no difference between T2WI and MSS (Tables 3, 4 , 5, 6, 7).
ADC mean and ADC range of EC: central zone versus transitional zone versus peripheral zone
The ADC mean of central zone, transitional zone, and peripheral zone increased gradually. The ADC range of central zone, transitional zone, peripheral zone widened gradually ( Table 5 and Figs. 7, 8 ).
Discussion
Many scholars have suggested the TS was an independent predictive of disease recurrence and long-term survival in patients of EC [4] [5] [6] [7] [8] . And lots of literatures have also shown that the TS of EC is related to lymph node metastasis and the depth of myometrium involvement [9] , which may modify the surgical approach. Thus, an accurate definition of the TS of EC is necessary. Recently, MR examination is the most popular imaging technique to assess the risk of EC, more important T2WI and DWI are the most basic sequences of MR, some researchers have proposed T2WI + DWI can reliably replace T2WI + DCE for local staging of EC [10, 11] . Whether MRI can display TS of EC accurately remains unclear. This prospective study thus tried to compare the accuracy of cDWI and T2WI in TS evaluation using surgical specimen as the basis of comparison. We found: (1) cDWI can detect EC lesion very sensitively, but the size of EC measured on cDWI was usually smaller than the fact;
(2) The sensitivity of T2WI in qualitative diagnosis of EC is lower than cDWI, but the tumor size of T2WI was in accordance with the actual size well. The largest diameters of lesions which missed by T2WI alone were 0.7 cm, 0.9 cm, 0.9 cm and 1.0 cm respectively, and yet they were found by T2 WI-DWI. Thus cDWI is more sensitive to small lesions than T2WI. According to prior reports, the sensitivity of cDWI has been considered between 77.7% and 96% [12, 13] . The slightly higher sensitivity (97%) showed in the current study may attribute to fewer cases. Through reviewing literature and measuring ADC value of different areas of the lesions, we summarized two reasons for TS of cDWI smaller than the fact: (1) unclear lesion boundary caused by unsatisfied image quality of cDWI maybe lead to inconsistency between cDWI and the actual; (2) That the heterogeneity of EC itself can result in inhomogeneous signal of cDWI, the tumor boundary was hypointensity relative to tumor interior, makes it difficult to detect the real edge of tumor on cDWI.
To the best of our knowledge, concerning the correlation of MRI different sequences and the pathology in tumor size assessment of EC, there has been only one study published. The study [14] showed reduced field-of-view DWI (rDWI) performed better than T2WI in size evaluation of EC. Different from Priya Bhosale [14] , our study focused on the ability of conventional field-of-view DWI (cDWI) and found that tumor size obtained on cFOV DWI yielded a worse correlation with postoperative tumor size than did the T2WI. The cDWI was based on single-shot echo planar imaging (ssEPI) technique which has a longer echo train for phase encoding and is very susceptible to image distortion and artifact from resonance offsets or chemical shift. Nevertheless, rDWI technique in Priya Bhosale's study was based on optimized and constrained undistorted single shot (FOCUS; GE Healthcare, Waukesha) which used a shorter echo train and reduced image distortion and fewer artifacts. Meanwhile, Ota et al. also published cDWI with full FOV yielded more distortion and inferior image quality than rDWI with reduced FOV [15] . The different resolution caused by different FOV and different artifacts may cause different conclusion between the two studies. On the other hand, there are some reports, which illustrated cDWI alone was not as sensitive as cDWI combined with T2WI in judging myometrium involvement of EC [16, 17] , also indicated indirectly that cDWI shew the boundary of EC lesion unclear. So an unclear edge of lesion caused by cDWI could be a part of reason for the deviation of TS assessment on cDWI. cDWI covers a larger area than rDWI and can include all lymph node chains in the pelvic cavity, so cDWI is more sensitive to pelvic lymph node metastasis and cDWI is still an indispensable sequence of MRI for EC patients.
Although there is few reports about size assessment of EC, size of other malignancies were broadly discussed. The finding on the accuracy of T2WI is consistent with other carcinomas such as cervical cancer, mammary cancer, nasopharyngeal carcinoma [18] [19] [20] [21] , in which T2W-MRI has been clearly demonstrated to be a superb imaging procedure in size measurement.
The imaging principle of DWI is based on Brown motion of water molecules; its signal intensity reflects and relies on the microscopic pathological features of tissue. A denser cell population and larger ratio of nucleus to cytoplasm in the tissue can slow the movement of water molecules and this tissue will be hyperintense on DWI. Moreover, the ADC values derived from DWI can quantify these pathological features. As all known, the substantial and disorder cell populations is an essential pathological characteristic of most malignant tumors, so the diffusion rate of water molecules is significantly slow in malignancies and they are always hyperintense on DWI. The heterogeneity is another important pathological feature of cancer, multi-region sequencings performed in many carcinomas including endometrial cancer, breast, lung, colorectal, and renal cancer have uncovered heterogeneity exists in all cancer types [22] [23] [24] [25] [26] [27] . The heterogeneity may lead to different diffusion rate of water. Thus, the signal of tumor on DWI is not homogeneous. The present study, which illustrated the mean ADC values of EC increased and the range ADC values widened gradually from the central zone to the peripheral zone of EC and was consistent with previous study on breast cancer [28] , actually states that there may be discrepancy of pathological characteristics between interior and periphery of EC. Although this regional heterogeneity of EC has not been confirmed by pathology, David Rew [22] has suggested that most tumors had different peripheral and internal macroscopic pathological features as early as in twentieth century and Stanta G [29] has proposed that the invasion front as compared to the tumor center have different functional properties. Therefore, from these previous reports and the findings in this study, the microscopic pathology of periphery is different from interior in EC can be supposed. This pathologic hypothesis between periphery and interior of EC will be validated in our further research.
The signal intensity of DWI was negatively correlated with ADC value, thus the higher ADC mean and widen ADC range of peripheral tumor would lead hypointense and more heterogenous signal of peripheral part of tumor on DWI. This appearance would cause peripheral tumor is easily neglected when measured on DWI. Therefore, diameter of DWI is often smaller than pathology. This study revealed that tumor size of DWI showed no significantly difference from pathology in G1 and small-lesion group but lower accuracy with big tumor group and G2 + 3 group. More obvious heterogenicity between periphery and center might exist in bigger and poorly differentiated carcinoma and the peripheral tumor is more easily neglected for these tumors on DWI. Thus, tumor size assessment of poorly differentiated and big lesions in particular needs to use T2WI rather than DWI. These findings are in accord with previous reports concerning breast cancer [30, 31] . Heusinger et al. [30] have suggested that smaller breast cancer were better to assess than larger ones and tumors with a G1 were easier to estimate than tumors with G2/3.
In conclusion, as a kind of functional MR imaging, DWI has a high sensitivity in detecting the discrepancy of micropathology between different tissues, so it has obvious advantage in diagnosing small endometrial carcinoma on early stage. However, the high sensitivity of DWI on the histopathological change of tissue led endometrial cancer, with obvious heterogeneity, is always heterogeneous on DWI. The signal of the inner zone of endometrial carcinoma is often higher than the margin, so when evaluating the tumor size on DWI, the periphery of the lesion might be ignored, resulting in the size of the tumor of DWI smaller than the actual size and this phenomenon was observed in the larger and less differentiated endometrial carcinoma in the present study. Therefore, DWI is superior to T2WI in the qualitative diagnosis of endometrial carcinoma, and T2WI is better than DWI at tumor size measurement.
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